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Previewsinduction of immunity and may play a
key role in understanding how the host
combats fungi and other infectious
organisms.
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Influenza viruses of animals can cross species and infect humans. In this issue of Cell Host &Microbe, Zhang
et al. (2015) and Tzarum et al. (2015) describe crystal structures and receptor-binding properties of hemag-
glutinins of avian-origin H10N8 andH6N1 influenza viruses. Human infections with these viruses are not asso-
ciated with a switch favoring human receptor binding.Influenza A viruses infect a broad spec-
trum of hosts, including many avian and
mammalian species. Influenza A viruses
are classified into subtypes, based on
antigenic variation of the viral surface
glycoproteins hemagglutinin (HA) and
neuraminidase (NA). To date, 16 antigenic
variants of HA (H1–H16) and 9 antigenic
variants of NA (N1–N9) have been found
in birds, and two additional HA and NA
variants were detected recently in bats
(H17N10 and H18N11). Of the large diver-
sity of influenza A viruses circulating in
animals, only a handful have been re-
ported to cross the species barrier and
infect humans (Richard et al., 2014).
These zoonotic events were restricted
to sporadic individual cases with no sus-
tained transmission between humans.
However, should zoonotic viruses acquire
the ability to transmit efficiently between
humans, this could mark the beginning
of a new influenza virus pandemic. There-
fore, research efforts to understand the
determinants of host adaptation and sub-
sequent transmission between humans,
and to characterize zoonotic viruses inorder to estimate their potential impact
on human health, have recently received
much attention.
Influenza A viruses enter host cells via
endocytosis upon binding of HA to termi-
nal sialic acids (SAs) present on glyco-
conjugates. HA of human viruses attach
to SAs that are linked to the penultimate
sugar by an a2,6 linkage, which are abun-
dantly present on the surface of epithelial
cells in the human upper respiratory tract
(URT). In contrast, HA of avian influenza
viruses have a preference for SAs that
are linked to the penultimate sugar by
an a2,3 linkage, which are abundant on
the surface of epithelial cells in the intes-
tinal tract of birds, but are also present
in the human lower respiratory tract
(LRT). The fact that avian viruses are not
capable of efficiently infecting humans
without prior adaptation is generally
attributed to the scarcity of a2,3-SAs
along the human URT. It has been shown
that preferred binding to a2,6-SA is a
critical determinant of host adaptation
and of subsequent transmission between
mammals.Resolution of HA structures by X-ray
crystallography, either in the free form or
in complex with avian and human recep-
tor analogs, has helped to dissect the
structural basis for HA receptor speci-
ficity. Early studies reported the analyses
of human and pandemic virus HA struc-
tures and their interactions with receptor
analogs (Gamblin and Skehel, 2010).
Over the last decade, many other HA
structures have become available, with
a focus on HAs of zoonotic viruses. In
this issue of Cell Host & Microbe, teams
from the SCRIPPS Research Institute in
California headed by Ian Wilson publish
back-to-back elegant articles on the HA
receptor specificity and crystal structures
of recent zoonotic H10N8 and H6N1 influ-
enza viruses (Zhang et al., 2015; Tzarum
et al., 2015).
In December 2013, the Chinese health
authorities reported three human cases
of infection with avian influenza H10N8 vi-
rus, of which two were fatal. These were
the first documented human cases of
infectionwith an avian influenza H10N8 vi-
rus. Zhang et al. analyzed the receptor-
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H10N8 virus isolate using various assays
and synthetic glycans. The human H10
HA was shown to have a strong prefer-
ence for avian receptors and negligible
binding to human receptors, similar to
other zoonotic viruses of avian origin. To
unravel themolecular basis for this prefer-
ential recognition of avian receptors, the
structural characteristics of the human
H10 HA in complex with avian and human
receptor analogs were explored. The
HA was found to bind to avian receptor
analogs in a similar conformation as other
avian HAs, and was not configured for
binding to human receptors. Three other
studies performed around the same time
described similar structural and functional
analyses using the same H10 HA (Vachieri
et al., 2014; Wang et al., 2015; Yang et al.,
2015). In one study, the human and avian
H10 HAs had a remarkably high avidity to
human receptors, almost as strong as
human H1 and H3 subtype HAs (Vachieri
et al., 2014). However, also in this study,
the strong preference for avian recep-
tors remained. The discrepancy between
different studies could potentially be
explained by different sources of pro-
tein, different synthetic glycans, and other
experimental variables.
In contrast to the other three studies,
Zhang et al. went on to study the impact
of amino acid substitutions in H10 HA
that were associated with the emergence
of pandemic influenza viruses of sub-
types H1, H2, and H3. None of the sub-
stitutions tested led to preferential bind-
ing of the H10 HA to human receptors.
It was thus concluded that human
H10N8 HA is poorly adapted to bind to
human receptors, a major determinant
of human-to-human transmission, and is
unlikely to acquire this trait (Zhang
et al., 2015 [this issue of Cell Host &
Microbe]).
In June 2013, the Taiwan Centers for
Disease Control reported the first human
case of infection with an avian-origin
H6N1 influenza virus. Tzarum et al. inves-
tigated the receptor specificity of this hu-
man H6 HA using synthetic glycans and
analyzed the HA crystal structure (Tzarum
et al., 2015 [this issue of Cell Host &
Microbe]). The human H6 HA had a
unique combination of key residues in
the HA receptor binding site as compared
to avian H6, which have never been
observed in human or avian influenza vi-ruses. Due to this unique combination of
residues, the human H6 interacted differ-
ently with avian receptor analogs than
other HAs. Although amino acid residues
190V and 228S were thought to poten-
tially promote human receptor binding,
the human H6 HA did not bind to human
receptors on glycan arrays. Tzarum
et al. conclude that additional mutations
may be required to switch H6 HA receptor
specificity. Yang et al. performed a similar
study using the same human H6 HA and
an avian H6 HA for comparison (Yang
et al., 2015). Functional and structural
data for the human H6 HAs were very
similar. The avian H6 HA was found to
bind better and to a broader range of
a2,3-SAs than the human H6 HA (Yang
et al., 2015).
Collectively, Zhang et al. and Tzarum
et al. thus demonstrate that recent zoo-
notic avian-origin H10N8 and H6N1 influ-
enza viruses retain a strong preference
for avian receptors, similar to other zoo-
notic influenza viruses, and that addi-
tional mutations are required to shift the
receptor specificity toward human prefer-
ence. Although conflicting conclusions
were reached on the absolute level of
binding of H10 HA to human receptors,
multiple studies agreed that human H10
HA retained strong preference for avian
receptors, demonstrating they remain
poorly adapted for humans (Vachieri
et al., 2014; Wang et al., 2015; Yang
et al., 2015; Zhang et al., 2015 [this issue
of Cell Host & Microbe]). Upon introduc-
tion in humans, early pandemic influenza
viruses generally not only gained binding
to a2,6-SAs, but also lost binding to
a2,3-SA receptors, potentially to facilitate
replication in the presence of mucus in
the human URT that is rich in a2,3-SAs
and/or to facilitate human-to-human
transmission.
An important overall conclusion from
Tzarum et al. and Zhang et al. is that
the diversity in HA receptor interactions,
and the differential effects of substitu-
tions in the receptor binding site on re-
ceptor specificity of various HA subtypes,
limit the predictability of influenza viruses
with respect to adaptation to humans to
potentially cause pandemics. A key
question that remains is how to improve
on such predictions. A very basic step
forward would be to first resolve func-
tional and structural discrepancies that
are caused by the methods used. TheCell Host & Microbe 1availability of data sets generated by
different research teams independently
on the same HAs should facilitate anal-
ysis of the technical variations that influ-
ence the outcome of influenza virus HA
structural and functional studies. Second,
there is a clear need for enriching the cur-
rent database of HA structures with
strictly avian HAs, in addition to zoonotic
or pre-pandemic HAs, to better under-
stand the structural basis of HA receptor
specificity. Third, additional mutagenesis
studies to identify alternative or additional
substitutions that affect interactions be-
tween HA and SA receptors are needed
to identify combinations of mutations
that are functionally equivalent to those
that occurred during the pandemics of
the last century. However, the major chal-
lenge for future studies on HA structure
and receptor specificity will be to move
beyond the use of a limited set of syn-
thetic glycans. A large number of glycans
present in human and animal hosts are
not represented on glycan arrays
(Walther et al., 2013), and it still remains
unknown which specific glycan struc-
tures are most relevant for influenza virus
biology (de Graaf and Fouchier, 2014).
Further studies should therefore focus
on the identification of relevant glycan
structures that are found at the apical
surface of target cell types in the respira-
tory tract of humans and animals that are
used for influenza virus attachment.
These biologically relevant glycan struc-
tures should be employed in binding as-
says and crystallography studies to in-
crease our understanding of the
structural determinants of HA receptor
binding and influenza virus host range,
zoonoses, and pandemics, and perhaps
to increase the predictability of HA func-
tion and structure.REFERENCES
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